Background: Dynamin-related protein 1 (Drp1) plays important roles in tumorigenesis, including lung cancer. However, the effect of Drp1 in lung cancer remains unclear. The present study was aimed to investigate the clinical significance and effect of Drp1 on prognosis of lung cancer.
Introduction
Lung cancer is the leading cause of cancer incidence and mortality worldwide, with 2.1 million new lung cancer cases and 1.8 million deaths predicted in 2018 according to the Global Cancer Statistics 2018. [1] Non-small cell lung cancer (NSCLC) accounts for 85% of lung cancer cases which contains various pathological types, such as non-squamous carcinoma and squamous cell carcinoma (LUSC), and 5-year survival rate for all stages is only 16%. [2] Despite advances in the level of health care, oncotherapy is still confronted with great challenges due to the delayed diagnosis, recurrence or metastasis, as well as cancer associated mutation. [3] Therefore, it is of great significance to explore tumor molecular markers which may effectively evaluate tumor screening, diagnosis, prognosis and recrudescence.
Dynamin-related protein 1 (Drp1), also named DNM1L, is a cytosolic dynamin-related GTPase belong to the dynamin protein family which was the first fission protein to be discovered. [4] Previous evidence revealed that Drp1 played an important role in various cellular biological processes, including cell growth, cell cycle, proliferation and apoptosis by regulating mitochondrial fission. [5] In addition, growing evidence found that changes in Drp1 protein levels were related to the tumorigenesis, including breast cancer, ovarian cancer, colon cancer and lung cancer. [6] [7] [8] [9] However, the relationship between Drp1 expression levels and prognosis in patients with lung cancer remains contradictory. Kim and his colleague observed that the decrease of Drp1 expression was obvious in patients with advanced lung cancer. [6] Chiang found that higher expression of nucleolar Drp1 was associated with poor prognosis in lung adenocarcinomas (LUAC). [10] Thus, in the current study, we further explored the expression and prognosis of Drp1 in patients with lung cancer. Oncomine and The Cancer Genome Atlas (TCGA) databases were first used to compare the different expression of Drp1 mRNA in lung cancer and normal lung tissues. In addition, tissue microarray was used to assess the expression of Drp1 protein in lung cancer and matched adjacent normal tissues. Kaplan-Meier univariate and TCGA multivariate survival analyses were then performed to explore the potentially prognostic significance of Drp1 in lung cancer patients.
Methods

Bioinformatics mining methods
TCGA database (https://tcga-data.nci.nih.gov/tcga/), a collection of miRNA-seq, RNA-seq, SNP array, DNA methylation, exome sequencing and more, was used for described the mRNA expression data for lung cancer. [11] Oncomine databases (https://www.oncomine.org), a cancer microarray database and web-based data mining platform, were selected to predict the expression level of Drp1 in lung cancer and normal lung tissues. [12] The search parameters used in this database were as follows; analysis type-cancer vs normal, data source-public, cancer types-selected specific cancer type, sample type-clinical specimen and, data type-mRNA. Furthermore, Kaplan-Meier Plotter database (http://kmplot.com/analysis), an online database including gene expression data and clinical data, and TCGA database were used to evaluate the prognostic significance of Drp1 in lung cancer and the overall survival (OS) of lung cancer patients. [13] Briefly, the patient samples were divided into two cohorts according to the median expression of Drp1 (high vs. low expression) and then the gene was uploaded into the database respectively to obtain the Kaplan-Meier survival plots, in which the number-at-risk was shown below the main plot. Log rank pvalue and hazard ratio (HR) with 95% confidence intervals (CI) were calculated and displayed on the webpage. P < .05 was considered significant.
Tissue microarrays and immunohistochemistry
We retrospectively collected 70 cases of lung cancer and matched adjacent normal tissues from patients who underwent surgical resection in Jiangxi Provincial People's Hospital, China (from September 2016 to August 2018). Patients' detailed clinical information, such as age, gender, tumor location, histologic differentiation and tumor node metastasis (TNM) stage was collected. The study protocol was approved by the ethical committee of Jiangxi provincial people's hospital, and the informed consent was provided from the clinicians and patients for the usage of the tissues for research.
A parallel tissue microarray was constructed using a tissue array (Beecher instruments, silver spring, MD) in this study. The expression of Drp1 was measured by immunohistochemical staining according to the protocol instruction. [14] Briefly, tissue sections were cut with a thickness of 8 um, deparaffinized by xylene and rehydrated in decreasing concentration of ethanol. Antigen retrieval was achieved by boiling sections on 10 mM citrate buffer for 20 minutes. After blocking of endogenous peroxidase with 3% hydrogen peroxidase in methanol, sections were incubated with Background Sniper (Biocare medical) at room temperature for 30 minutes. The sections were then incubated with primary antibody of Drp1 (Cell signaling, USA) with a working concentration of 1: 100 at 4°C overnight. The results of immunohistochemical staining were calculated according to the immunoreaction score (IRS) and evaluated by 2 pathologists in a double-blind way as described previously. [15] Briefly, the range of IRS score was from 0 to 12, which was produced by staining intensity (SI) Â percentage of positive cells (PP). High expression of Drp1 was considered as IRS > 4, while low expression of Drp1 was considered as IRS 4.
Statistical analysis
Oncomine and TCGA databases were analyzed by the independent samples Student t test to compare the differential expression levels of Drp1 mRNA between the lung cancer group and the normal lung tissues group. Kaplan-Meier univariate and TCGA survival analyses were done to investigate the prognostic significance of Drp1 in lung cancer patients. SPSS 19.0 software (SPSS, Inc., Chicago, IL) was used to analyze the experimental data. The expression of Drp1 in lung cancer and matched normal tissue was evaluated by Student t test and chi square tests. P < .05 was considered statistically significant.
Results
Oncomine was used to investigate the differences in mRNA expression of Drp1 between tumor and normal tissue among multiple cancers in (Fig. 1) . The database contained a total of 352 unique analyses for Drp1expression in tumor. There were 18 studies showing a significant statistical difference for Drp1, of which 13 showed that mRNA expression level of Drp1 was increased in tumor than normal tissues in nine kinds of cancers, including bladder cancer, breast cancer, cervical cancer, head and neck cancer, lung cancer, lymphoma, myeloma, sarcoma and other cancer, while five regarding brain and central nervous system (CNS) cancer, breast cancer, colorectal cancer and lymphoma showed an opposite result. Moreover, the most notable among these are lung cancer and sarcoma wherein Drp1 mRNA levels were significantly increasing in tumor cases in a total of three and four unique analyses, respectively. As lung cancer is the leading cause of cancer incidence and mortality worldwide, [1] we further analyzed the differential expression in lung cancer and its subtypes.
Expression levels of Drp1 in lung cancer
There are three main types of lung cancer; non-small cell lung cancer (NSCLC), small cell lung cancer (SCLC) and lung carcinoid tumor. Among these 3, NSCLC is the most common type of lung cancer (85%) followed by SCLC (10 ± 15%) and lung carcinoid tumor (5%). [16, 17] In addition, NSCLC can be mainly divided into three main subtypes: lung adenocarcinoma cell carcinoma (LUAC), lung squamous cell carcinoma (LUSC) and large cell lung carcinoma (LCLC). Therefore, we explored the different expression of Drp1 in multiple types of lung cancer. Meta-analysis of the 19 datasets from 5 studies on Drp1mRNA levels in lung cancer versus normal lung tissue were searched using Oncomine database ( Fig. 2) . As it was shown, the mRNA expression of Drp1 was higher in lung cancer tissues than normal lung tissues (P < .05, Fig. 2A ). When subtypes analysis was performed, the results were in line with above findings showing an increasing in the mRNA expression of Drp1 in tumor versus normal tissue, including LUAC, LUSC, LCLC and LCLC (P < .05, Fig. 2B -E).
Oncomine analysis of cancer vs. normal tissue in different datasets was further performed to determine differential expression of Drp1 in different subtypes of lung cancer ( Fig. 3 ). In Bhattacharjee dataset statistics, the mRNA level of Drp1 was significantly increased in lung carcinoid tumor (fold change = 3.974), LUAC (fold change = 1.822), LUSC (fold change = 2.228) and SCLC (fold change = 2.533), respectively ( Fig. 3A ). Furthermore, in the analysis of the expression levels of Drp1 in Hou dataset, the subtypes of lung cancer also revealed significantly increased mRNA levels of Drp1, including LUAC (fold change = 1.456), LUSC (fold change = 2.01) and LCLC (fold change = 2.555, Fig. 3B ). The mRNA level of Drp1 was also shown to be overexpressed in subtypes of lung cancer according to Garber's datasets, LUAC (fold change = 1.95), LUSC (fold change = 1.922), LCLC (fold change = 2.527) and SCLC (fold change = 2.109, Fig. 3C ).
To further validate and cross-examine the observations made in Oncomine database, the mRNA expression data from TCGA dataset was used value the differential mRNA levels of Drp1 in tumor tissue. There was higher expression of Drp1 in both LUAC and LUSC than normal lung tissues without correlation with sex (P < .05, Fig. 3D-E) . Interestingly, the overexpression of Drp1in lung cancer tissues only occurred in those people over 40 years old (P < .05, Fig. 3D-E ). There was no significant difference in the expression of Drp1 between patients under 40 years old and normal one (P > .05). In addition, increased expression of Drp1 was observed in all the stages of lung cancer, but there was not any significantly difference among various tumor stages (P > .05, Fig. 3D -E). Together, these findings were in consistency with the Oncomine analysis showing an increasing in the mRNA expression of Drp1 in tumor than normal tissue.
Prognostic significance of Drp1 in lung cancer
The potentially prognostic significance of Drp1 expression levels in lung cancer patients was investigated by bioinformatics analysis. Kaplan-Meier plotter analysis was first carried out to find out the correlation between Drp1 and OS, first progression (FP) and post progression survival (PPS) in lung cancer patients. The chosen probe IDs (203105_s_at and 226154_at) for Drp1 has been listed in Table 1 . The analysis from ID of 203105_s_at revealed that higher expression of Drp1was associated with OS (HR = 1.16, 95% CI: 1.02-1.31; P = .025, Fig. 4A ), but not with FP or PPS, in lung cancer. Drp1 expression in the probe ID of 226154_at was found to be a weak correlation correlated with OS, but not with statistically significant (HR = 0.86, 95% CI: 0.73 -1.01; P = .069, Fig. 4A ). Furthermore, higher expression of Drp1 showed a correlation with better PPS (HR = 0.55, 95% CI: 0.36 -0.85; P < .05) in lung cancer. The similar result was occurred in male patients. Further analysis in histological subtypes showed more significant correlations between high mRNA expression of Drp1 and better OS in lung adenocarcinoma patients (HR = 0.72, 95% CI: 0.57-0.91; P < .01; HR = 0.62, 95% CI: 0.48-0.79; P < .001, Fig. 4B ) but not in LUSC (HR = 0.97, 95% CI: 0.77-1.23; P = .810; HR = 1.33, 95% CI: 0.98-1.82; P = .068, Fig. 4C ). Interestingly, the OS of female patients showed opposite tendency in LUAC (HR = 0.65; 95% CI: 0.45-0.95; P = .027; HR = 0.59; 95% CI: 0.39-0.9; P = .013, Fig. 4B -C) and LUSC (HR = 1.85; 95% CI: 1.04-3.29; P = 0.037; HR = 5.71; 95% CI: 2.1-15.49; P < .001, Fig. 4B-C) with increased mRNA level of Drp1. In addition, likewise, the data from the probe ID of 226154_at indicated better PPS (HR = 0.52, 95% CI: 0.32-0.85; P < .01; HR = 0.47, 95% CI: 0.24-0.91; P = .024) was occurred in all and male lung adenocarcinoma patients.
The TCGA database was next performed to verify the correlation of Drp1 expression with the survival probability of the lung cancer patients. On the contrary, high expression of Drp1was correlated with worse survival probability of all, male, female in LUAC (P < .05, Fig. 5A-B ). There was not any significant difference between the expression of Drp1 and lung squamous carcinoma patient survival probability of all, male and female (P > .05, Fig. 5C-D) .
Expression of Drp1 in a tissue microarray of lung cancer
Seventy cases of lung cancer and matched adjacent normal tissues from patients who underwent surgical resection in Jiangxi Provincial People's Hospital, China (from January 2017 to February 2018) were collected to validate the predictive results. The mean age of these lung cancer and normal lung cases was 61.2 years (46 men and 24 women), respectively. Among all of lung cancer, 67 cases were NSCLC and 3 cases were SCLC. When subgroups were made, 35 cases were LUAC, 24 cases were LUSC and 8 cases were the other rare types.
Morphological change was determined using hematoxylin/ eosin (HE) staining in lung cancer and matched normal tissues ( Fig. 6A-B ). Then, immunohistochemistry was used to detect the expression of Drp1 in lung cancer and matched normal tissues. Results from immunohistochemistry showed that Drp1 was . Compared to that in the matched normal tissues, the expression level of Drp1 protein in lung cancer was dramatically higher (P < .001, Fig. 6E ). The consistent results were observed in LUAC and LUSC, respectively (P < .05, Fig. 6F-G) . The detailed results were also shown in Table 2 . Among all of the 70 cases of lung cancer, 50 cases were Drp1 positive (71.4%), which was significantly higher than that in the normal lung tissues (24.3%, P < .01), including LUAC and LUSC (P < .01, Table 2 ). In addition, we detected the expression of Drp1 in the subtypes of NSCLC based on different parameters, including age, gender, tumor location, tumor size, histological differentiation, T stage, N stage, and TNM stage (Tables 3 and 4 ). However, results from LUAC and LUSC both suggested that the expression of Drp1 was not related to age, gender, tumor location, tumor size, histological differentiation, T stage, N stage, and TNM stage (P > .05).
Discussion
Increasing evidence reported that Drp1 plays important roles in cancer cellular processes, including mitochondrial dynamics, cell cycle progression, genome instability, cell migration and apoptosis. [8, 18, 19] However, the expression and prognostic effect of Drp1 in various tumors was different. In the present study, we examined the differential expression levels of Drp1 in lung cancer compared to normal lung tissues using bioinformatics and tissue microarray. Moreover, Kaplan-Meier univariate and TCGA multivariate survival analyses were performed to explore the relationship between Drp1 and prognostic significance in lung cancer. Drp1 in various cells are different depending on cell types, physiological context or pathologic types. [20] For example, Drp1 was reported to be upregulated in breast and ovarian cancer. [8, 21] However, the expression of Drp1 in colon cancer was low. [6] Interestingly, reports from studies of lung cancer showed that the expression of Drp1 was controversial. Kim and his colleague found that the level of Drp1 was decreased significantly in lung cancer tissues, however, results from Rehman and his colleague got the contrary conclusions. [22] In our study, we explored the expression of Drp1 in lung cancer using the Oncomine database, TCGA database and tissue microarray. As a result, bioinformatics prediction results based on Oncomine and TCGA databases showed that Drp1 mRNA level was significantly higher in lung cancer tissues than that in normal lung tissues and it was independent of gender, age and tumor stage. Consistently, the results from immunohistochemistry demonstrated that Drp1 was also higher in lung cancer than in normal lung tissues, but there was a not any correlation between Drp1 expression and gender, age, tumor location, tumor size, histological differentiation, T stage, N stage, and TNM stage. All these results suggested that Drp1 gene might participate in tumor formation and growth. Furthermore, Drp1 might be a molecule marker for diagnosing lung cancer.
Increasing evidences demonstrate that Drp1 protein level was associated with cell cycle progression, genome instability, cell proliferation, migration, invasion and apoptosis in different cancer cells, including lung cancer. [7, 18, 19] However, the Table 1 The correlation between Drp1 and survival outcomes in lung cancer.
Dataset affymetrix ID: 203105_s_at
Dataset affymetrix ID: 226154_at [7, 19] But, Kim and his colleague suggested that loss of Drp1 was associated with the progression of human lung cancer, and an identical pattern was observed in cultured lung cancer cell lines. [6, 23] In our study, we explored the relationship between Drp1 levels and the potentially prognostic effect in lung cancer patients using bioinformatics. Kaplan-Meier plotter analysis with the chosen probe IDs of 203105_s_at demonstrated that the increased expression of Drp1 was correlated to poor OS for lung cancer patients, but not in the probe IDs of 226154_at. There was a worse prognosis in men with LUSC when the expression of Drp1 was increased. Intriguingly, lung adenocarcinoma patients with higher levels of Drp1 had better OS both the two probe IDs, especially female patients. Contrarily, the TCGA database showed that high expression of Drp1 was correlated with worse survival probability in all, male, female with LUAC, but not any relationship was observed in LUSC. These inconsistent associations of the levels of Drp1 with prognosis in lung cancer in our study and previous studies might be due to the racial difference, different population and sample size, as well as measurement methods of the expression of Drp1. More importantly, Drp1 plays its role in tumor cells process related to cell types or pathologic types. There are various pathological types of lung cancer, including LUAC, LUSC, LCLC and SCLC. All these may explain the inconsistent conclusions in our study and previous studies. Evasion of apoptosis is implicated in almost all aspects of lung cancer, as well as treatment resistance. [24] Tumor formation in lung tissue is also associated with dysregulation of mitochondrial fusion and fission. [7, 18] Drp1, a mitochondrial division protein, participating tumor cells progression mainly depends on apoptosis pathway which is regulated by mitochondrial fission and fusion. [7, 18] Moreover, Drp1 may regulate cell apoptosis by different regulatory mechanisms. One side, high expression and activation of Drp1 in tumor cells promotes mitochondrial fission, ultimately initiating apoptotic ways. [4, 5, 23, 25] On the other hand, interestingly, suppression or depletion of Drp1 also induces tumor cells apoptosis. Drp1-mediated mitochondrial fission is necessary for proper progression through the cell cycle following G1/S transition. Persistent mitochondrial hyperfusion beyond the G1/S border which was caused by Drp1 depletion increases replication stress, leading to G2/M delay, chromosomal instability and DNA damage, ultimately inhibiting cell division and triggering apoptosis. [5, 7, 18, 26] Therefore, Drp1-induced mitochondrial fission promotes cell death, it has also been shown that Drp1-mediated fission protect against cell death. [4] These may partly explain the inconsistent prognosis related to Drp1 levels in lung cancer patients. Therefore, further research is needed to clear the potential mechanisms of Drp1in lung cancer. There were some limitations in our present study. First, there were only 70 cases of lung cancer tissues collected in this study which was a small sample size. Therefore, a larger sample size is needed for future research. Second, prognostic effect of Drp1in lung cancer was evaluated only by bioinformatics, relevant follow up data is needed to improve accuracy. Third, this study focused on expression and prognostic significance of Drp1 in lung cancer, but its detailed molecular mechanism was not further explored. All these limitations should be improved and investigated in future studies.
Conclusion
In conclusion, our study demonstrated that Drp1 is highly expression in lung cancer, including SCCL and NSCLC and the upregulation of Drp1 may be act as a potential marker for the diagnosis of lung cancer. However, the prognosis effect of Drp1 in lung cancer is still controversial. Further research is needed to explore the prognostic value and potential mechanisms of Drp1in lung cancer in future. 
